Adelobotrys tessmannii is re-circumscribed and a lectotype is designated. Two new species, A. latifolius and A. microcarpus, are described, and all three species are illustrated. They have a Western Amazonian, broadly sympatric distribution, which is depicted. Field surveys and chemical soil analyses presented show that A. latifolius prefers more fertile soils than A. micro-carpus¸ while A. tessmannii does not differ from the other species in this respect.
Introduction
Adelobotrys de Candolle (1828: 127) is an exclusively neotropical and predominantly Amazonian genus. Of the described species that belong to Adelobotrys sensu stricto, as defined by Schulman & Hyvönen (2003) , one species occurs from Mexico and Jamaica to South America, one is endemic to Panama, and the remaining species dwell in South America, mostly in lowland to submontane rainforest. Its distribution and ecology help to explain why the genus is still so poorly known, despite a relatively high number of total collections made, since the Amazonian rainforest biome remains inadequately and highly unevenly explored botanically (Schulman et al. 2007a, b) . Most previously described species of Adelobotrys require a re-circumscription and several taxa are still undescribed (Schulman & Hyvönen 2003) .
Adelobotrys tessmannii Markgraf (1927 Markgraf ( : 1140 was described almost nine decades ago as the 14 th species in a genus that now is thought to contain some 45 species, although it hasn't been revised since Cogniaux (1891) ; for a more detailed account on the taxonomic history of the genus see Schulman & Hyvönen (2003) . Since the discovery of A. tessmannii, at least a couple of thousand collections of Adelobotrys have been made. Hence, it is not surprising that the original description no longer provides a clear circumscription of A. tessmannii, and that it is easily confused with related species. As a result, herbarium specimens of A. tessmannii have often been misidentified as A. adscendens (Sw.) Triana (1867: 210) , and at least four different species of Adelobotrys have repeatedly been misidentified as A. tessmannii.
Here we clarify the circumscription of A. tessmannii and segregate two new species on the basis of their morphology. We also provide general distribution maps for all three species, and present an account on their edaphic preferences on the basis of ecological field surveys and soil chemical analyses. 'Taxonomy', and a complete list of the ca. 2,100 specimens of Adelobotrys representing ca. 1,200 different collections is available from the first author upon request.
A number of specimens exhibited intermediate morphology between A. tessmannii and A. latifolius or A. adscendens. These were interpreted as putative hybrids and are listed separately under 'Taxonomy'.
To complement distribution maps, we georeferenced verbal locality descriptions using relevant maps and the GEOnet Names Server GNS (available at http://geonames.nga.mil/gns/html/; queried in [2000] [2001] [2002] in cases when specimen labels did not include coordinates of the collecting site. However, only those collections that could be georeferenced with reasonable accuracy and confidence were used for the production of maps.
Conservation status was evaluated using the categories and criteria, and guidelines, of IUCN (2012) . Soil preferences:-We used quantitative species inventories and soil sampling carried out by K. Ruokolainen, H. Tuomisto, and N. Llerena in a total of 396 sites of old growth lowland rainforests of Amazonian Brazil, Ecuador, and Peru (Fig. 1) for estimating edaphic preferences of the species treated here. The field study areas can be delineated into four separate regions that we here call Madre de Dios (in southern Peru), Loreto (northern Peru) , Yasuní (Ecuador) and Juruá (central Brazil) . Additionally, Melastomataceae sampling was carried out along the central Río Caquetá in the Department of Amazonas in Colombia and in the region of Manaus in Brazil, but the species treated here were not encountered in those two areas, and therefore they are not included in the subsequent analyses.
In each study site, occurrences of all Melastomataceae species were recorded in straight inventory lines of 5 × 500 m (328 sites) or 2 × 500 m (68 sites). The species were identified on the basis of voucher specimens deposited at AMAZ, INPA, QCA, QCNE, SP, or USM, with duplicates at TUR, where they were available to us also for the taxonomic treatment. When several inventory lines were established close to each other, usually only one reference voucher referred to individuals observed in all these lines, since this was not found to cause problems for a reliable identification of the species treated here. More detailed accounts of the inventories and sampling methods can be found in , Tuomisto & Ruokolainen (2001) , Ruokolainen et al. (2002) , Tuomisto et al. (2003a Tuomisto et al. ( , 2003b , Higgins et al. (2011) , and Suominen et al. (2013) .
For each inventory line, we had two or three surface soil samples (mostly at 0-5 cm depth in mineral soil) from elevationally high and low points. The majority of the soil samples were analysed in the laboratory of MTT Agrifood Finland, some in the laboratory of Geological Survey, Finland, or in the laboratory of World Soil Information (ISRIC), The Netherlands. In all the laboratories the analyses followed the standard methods described by van Reeuwijk (1993) . In the present analyses, we used only the sum of base cations (Ca, K, Mg, Na) extractable by ammonium acetate. This is a correlate of general soil fertility and has been found to be one of the soil variables that is most closely related to the variation in Melastomataceae species composition in Amazonian forests , Tuomisto et al. 2003a , 2003b , Suominen et al. 2013 .
Our null hypothesis was that the three species of Adelobotrys have no difference in their preferences of soil cation concentration. We tested this by investigating, for each pair of species, whether the average of the natural logarithm of soil cation concentration of the inventory lines occupied by one species differed from the corresponding average calculated for another species. The rationale for the log-transformation was that a given absolute change in nutrient concentration changes the rate of chemical reactions more when the nutrient concentration is low than when it is high. To estimate if the observed difference between the averages of two species differs more than a random expectation we ran a permutation test. The test was performed separately for Juruá and Loreto, the only regions that had two or three co-occurring species. In the first step of the permutation test, we randomly assigned to each species the same number of inventory lines as the species had observed occurrences within the region. The random selection of the inventory lines was restricted so that it repeated the observed number of co-occurrences of the species among the inventory lines. This restriction was done to mimic the spatial structure of the original data as closely as possible. After the random assignment of the lines to the species, we calculated the average of the logarithms of the cation concentration per species, and the difference between the species pairs. The random assignment and the following calculation of the difference between the species was repeated 999 times. In this way we obtained, for every species pair, an estimate of the random distribution of the difference in the average of the logarithm of soil cation concentrations of inventory lines. Finally, we estimated the risk of rejecting the null hypothesis by comparing the observed difference between a species pair to the random distribution of the difference. 
Results

Taxonomy
Adelobotrys tessmannii Markgraf (1927 Markgraf ( : 1140 Full description:-The following represents a refined circumscription based on 60 herbarium specimens representing 37 separate collections (listed below) and including a description of all above-ground parts presented in the same format as those of recently described species of Adelobotrys (Schulman 2003a (Schulman , 2008 .
Liana adhering to support by adventitious roots produced in comb-like rows on internodes, reported height of fertile plants (1-)4-9 m (occasional herbarium label descriptions as 'scandent herb' or 'shrub' interpreted as confusions). Stem slender, diameter in fertile branches to 0.6 cm, terete to somewhat flattened or slightly fluted, when very young densely pubescent with rusty-brown, appressed, ca. 0.5-1.5(-2) mm long malpighian hairs, soon largely glabrescent and only very sparsely pubescent when mature; stem surface between hairs smooth, light brown to olivegreen; internodes in vegetative parts of fertile stems (2.5-)4.5-10(-14) cm long; nodes not or only slightly swollen, hardly more pubescent than the internodes (apart from densely pubescent axillary buds). Leaves opposite, isomorphic. Petiole (1.1-)1.5-3(-4) cm long (ratio of lamina length to petiole length 2.9-6.9 or even 8.9), 1-2 mm in diameter; terete to flattened, grooved above; sparsely to fairly densely covered with brown malpighian hairs at first, glabrescent with age especially below. Lamina elliptic or (narrow) ovate to wide elliptic, (8.5-)9.6-11.6(-14.1) × (4.2-)5.3-6.6(-8.5) cm (ratio of length to width 1.4-2.6), base (cuneate to) rounded or cordulate, apex mostly short-acuminate, margin serrulate, often revolute (in herbarium specimens); chartaceous to subcoriaceous; in living plant glossy, green to olivegreen, in herbarium specimens greyish to brownish olive-green with dark brown veins below. Both surfaces of lamina pubescent with rusty-brown malpighian hairs at first but soon largely glabrescent, mature leaves with a few hairs along main veins above, below usually with sparse pubescence along main veins and scattered hairs between them, the hairs being appressed, 0.3-1 mm long, laterally flattened but not dilated (apparently 1 cell layer thick, 2 layers wide), symmetrical to somewhat asymmetrical, (sub)sessile and (sub)straight to slightly sigmoid especially on main vein; on lamina proper especially on abaxial side malpighian hairs interspersed with minute, elongate-club-shaped glands (ca. 0.1 mm long); epidermis of adaxial surface usually with dense greyish hemispherical protuberances ca. 0.07 mm across. Margin of lamina with sparse malpighian ciliolation and with persistent obliquely spreading pale, multiseriate, terete, unbranched, 0.5-1.5 mm long setulae tipping marginal teeth 1-1.5 mm apart. Venation basally acrodromous with midrib plus four distal main veins, stronger pair of acrodromal veins only somewhat closer to lamina margin than to midrib (distances 1:1.2-1:1.8), pinnate secondary veins clearly visible below, 4-8 mm apart; reticulate tertiary veins vaguely visible near main veins below; veins prominent below, flat to somewhat impressed above. Axils of main veins on abaxial side usually with a few to many multiseriate, terete, unbranched setulae ca. 0.6-1.2 mm long, tipped by a multicellular gland. Inflorescence a terminal, broadly conical, lax double thyrsoid (sensu Weberling 1989) with up to hundreds of flowers; at anthesis 15-22 × 9-13(-19) cm including 4-8 cm long peduncle; rachis with (3 or) 4 or 5 elongated internodes, nodes with two main branches consisting of (2 or) 3 elongated internodes and with two or sometimes four shorter branches (of 1-2 internodes) produced from accessory buds subtending the main branches, internodes of rachis, and branches, progressively shorter towards apex; partial inflorescence a compressed double cincinnus with branches bearing up to 6 flowers each and only somewhat elongated in fruit. Peduncle subtended by leaves similar to ordinary vegetative leaves; lowermost node of rachis with bracts similar to but smaller than vegetative leaves, upper nodes with progressively smaller and narrower bracts, bracts at lowermost node persistent but those at upper nodes mostly absent already at anthesis; cincinni subtended by caducous sessile elliptic bracteoles ca. 3-5 × 3-4 mm. Pedicel at anthesis 4-6 mm, slender. Flower perigynous, hypanthium coriaceous, cylindrical to ellipsoid, smooth, rather abruptly widening from pedicel, (3.2-)3.5-4.5 mm long and 1.5-1.8 mm wide at torus; calyx spreading-cuplike, shallowly 5-lobed, 1-1.6 mm long; outer calyx teeth slender, (1.0-)1.5-2.5 mm long including caducous apical setula, exserted beyond inner lobes by (0.5-)1.1-2.1 mm; pedicel with rather dense, hypanthium and calyx with sparse cover of brown malpighian hairs, hypanthium glabrescent in fruit, calyx sparsely pubescent also on inner side but with rim mostly aciliolate; calyx reportedly green to yellowish-green or whitish in living plant. Petals 5, colour in living plant reportedly white to pink, pale lavender, violet, or purple, when dry dull yellowish-brown, glabrous; obovate, 6.5-8(-9) mm long; venation actinodromous and flabellate (sensu Hickey 1973) . Stamens 10, anisomorphic, bent and crowded to one side of flower, glabrous, reportedly purple to violet or deep lavender; filaments 4.5-5.5 mm, laterally dilated, strap-like, ca. 0.4-0.5 mm wide; geniculate at junction between filament and anther, anther bent introrsely (i.e., with ventral side down). Anthers subulate, dorsal-arcuate, base rounded; single apical pore ca. 0.2-0.3 mm across; connective hardly prolonged between filament and thecae, basally extended into an erect spur, dorsally into a gradually ascending, apically deeply cleft appendage. Larger (epipetalous) stamens: thecae clearly arcuate, 6.5-7.5 mm long and ca. 0.5 mm thick at base, apical pore dorsally inclined; basal connective appendage ca. 0.6-0.9 mm long, triangularsubulate and variously slightly lobulate, dorsal appendage 2.6-3.2 mm long and apically cleft by ca. 0.7-1.0 mm. Smaller (episepalous) stamens: thecae only slightly arcuate, 4.3-4.5 mm long and ca. 0.5 mm thick at base, apical pore subterminal; basal connective appendage ca. 0.8-1 mm long, irregularly lobulate, dorsal appendage 2.5-3.0 mm long and apically cleft by ca. 0.6-0.9 mm. Ovary 5-locular, roughly cylindrical, somewhat fluted, truncate at apex, 2.5-3.5 × 0.7-1.0 mm, glabrous; style 6.0-7.0 mm long, somewhat sigmoid, glabrous, reportedly purplish; stigma punctate. Pedicel in fruit (5-)7-10(-12) mm. Fruiting hypanthium ellipsoid to ovoid, clearly constricted at torus, 5-6.5 × 4.5-5 mm, reportedly pale or yellowish green in living plant; thin, sparsely pubescent, 10-costate, disintegrating at maturity revealing costae that are not apically connected by a circular vascular strand. Calyx persistent in fruit, horizontally spreading to broadly cup-shaped, as wide as hypanthium, 1.3-1.9 mm long. Fruit a 5-locular loculicidal capsule completely enveloped by the hypanthium but free from it; globose, somewhat 5-angled, rounded-truncate at apex. Placenta central, sessile and hardly extended from the central column. Seeds numerous, narrowly wedge-shaped, ca. 1.4-1.6 × 0.3-0.4 mm; surface smooth to slightly rugose; embryo occupying central third, testa elongated at both ends possibly forming air-filled sacs; testa light brown, embryo dark brown (in herbarium specimen). Notes:-The outer calyx teeth of the type represent the lower end of the range given above (1 mm). This, however, seems aberrant, since no other specimens with as short outer calyx teeth have been observed. In the original description (Markgraf 1927) A. tessmannii is characterised as a "sub-scandent small tree", but it is clear from available material that the true growth form is lianaceous. The laminae are mostly narrower and somewhat smaller that what the original description indicates, and the bracts in the inflorescence are leaf-like, not "minute", while small caducous bracteoles are present. The pedicels are 2-3 times longer compared to measurements given in the original description, which also states that the style is 3 mm long (not 6-7 mm), so it seems the original description was based on immature floral structures.
Habitat:-Primary lowland to montane rainforest on mineral soil, sometimes along rivers or roads at forest edge; by some collectors habitat described as "swampy" and as "secondary forest". Elevation from 150 to 1,600 m a.s.l.
Distribution:-Western Amazonia between 65°30' and 78°40' W, from 1°3' N in Putumayo, Colombia, through Ecuador and Peru to 17°3' S in Cochabamba, Bolivia (Fig. 3 ). Possible hybrids with A. adscendens have been collected in Ecuador and Peru, and with the below described new species A. latifolius Schulman in Colombia, Ecuador, and Peru. Adelobotrys tessmannii is here reported from Bolivia for the first time.
Phenology:-Collected with flowers in November-January, April, and June; with fruits in November-January, March-April, and August.
Conservation:-Least concern (LC), i.e., not threatened. The extent of occurrence clearly exceeds the threshold value of 20,000 km 2 . The available data are too scanty to estimate the true area of occupancy and, especially, population size or trends in it, but there is no plausible reason to estimate that these would approach levels warranting placement in or near threatened categories. Ruokolainen, K., Tuomisto, H., Koivunen, H., Lusa, E., Bardales, C., Fachín, L. & Torres, G. 7986 
Specimens of
Diagnosis:-Adelobotrys tessmannii Markgr. affinis sed foliis fere glabris laminis ovatis latioribus in sicco viridibus venis luteolis (nec griseis venis fuscis), partibus ultimis inflorescentiae cincinnis duplicatis ramis perelongatis, dentibus exterioribus calycis brevibus, et hypanthiis in fructu globosis differt.
Allied to Adelobotrys tessmannii Markgr. but differs by having almost glabrous leaves, broader ovate laminae that dry green with yellowish veins (not grey with dark brown veins), ultimate branching of the inflorescence in the form of double cincinni with strongly elongated branches, short outer calyx teeth, and globose fruiting hypanthia. Full description:-Liana adhering to support by adventitious roots produced in comb-like rows on internodes, reported height of fertile plants (2-)8-12(-15) m (occasional herbarium label descriptions as 'tree' or 'shrub' interpreted as confusions). Stem slender, diameter in fertile branches to 0.7 cm (maximum reported diameter 3.3 cm), terete to somewhat flattened or slightly fluted, when very young densely pubescent with rusty-brown, appressed, short (ca. 0.5-0.8 mm long) malpighian hairs, soon largely glabrescent and only very sparsely pubescent when mature; stem surface between hairs smooth, greenish to dull straw-coloured or greyish-brown; internodes in vegetative parts of fertile stems 4.5-11 cm long; nodes not or only slightly swollen, hardly more pubescent than the internodes (apart from densely pubescent axillary buds). Leaves opposite, isomorphic. Petiole (3.3-)3.5-5.5(-6.3) cm long (ratio of lamina length to petiole length 2.8-5.2), 1-2 mm in diameter; terete to flattened, grooved above; sparsely to fairly densely covered with brown malpighian hairs at first, glabrescent with age especially below. Lamina ovate to wide elliptic (or suborbiculate), (9.9-)13.5-19.5(-28) × (6.3-)9-14(-20.4) cm (ratio of length to width 1.3-1.9), base cuneate to rounded or cordulate, apex short-acuminate to acute, margin serrulate (to subentire), sometimes revolute (in herbarium specimens); chartaceous to subcoriaceous; in living plant glossy and typically vivid pure green, in herbarium specimens green to olive-green or brownish with straw-coloured to brown veins below. Both surfaces of lamina pubescent with rusty-brown malpighian hairs at first but very soon glabrescent, mature leaves glabrous above (or with a few hairs along main veins), below scattered hairs remain along main veins, hardly any between them, the hairs being appressed, 0.4-0.7 mm long, laterally flattened but not dilated (apparently 1 cell layer thick, 2 layers wide), symmetrical to somewhat asymmetrical, (sub)sessile and (sub)straight to slightly sigmoid especially on main vein; lamina proper on abaxial side with scattered but fairly abundant minute, elongate-club-shaped glands (ca. 0.1 mm long); epidermis of adaxial surface usually with rather dense greyish hemispherical protuberances ca. 0.07 mm across. Margin of lamina mostly without malpighian ciliolation but with persistent, obliquely spreading, pale, multiseriate, terete, unbranched, 1-2 mm long setulae tipping marginal teeth 1.2-2 mm apart. Venation basally acrodromous with midrib plus six distal main veins the outermost of which are weak but mostly well discernible, central pair of acrodromal veins only somewhat closer to lamina margin than to midrib (distances 1:1-1:1.5), pinnate secondary veins clearly visible below, 0.4-0.8 cm apart; reticulate tertiary veins typically partly visible below; veins prominent below, flat (to somewhat impressed) above. Axils of main veins on abaxial side usually with a few to many multiseriate, terete, unbranched setulae 0.6-1.2 mm long, tipped by a multicellular gland. Inflorescence a terminal, broadly conical, lax double thyrsoid with up to hundreds of flowers; at anthesis (13-)22-28 × (9-)16-22 cm including (3.5-)5-8 cm long peduncle; rachis with 4 or 5 elongated internodes, nodes with two main branches consisting of 3 elongated internodes and with two or sometimes four shorter branches (of 1-2 internodes) produced from accessory buds subtending the main branches, internodes of rachis, and branches, progressively shorter towards apex; partial inflorescence a double cincinnus with branches bearing up to 10 flowers each, characteristically elongated in fruit and reminiscent of arms of an octopus when only scars of fallen fruits remain. Peduncle subtended by leaves similar to ordinary vegetative leaves; lowermost node of rachis with bracts similar to but smaller than vegetative leaves, upper nodes with progressively smaller and narrower bracts, bracts at lowermost node persistent but those at upper nodes mostly absent already at anthesis; cincinni subtended by caducous sessile elliptic bracteoles 3-5 × 3-4 mm. Pedicel at anthesis 4-6 mm, slender. Flower reportedly slightly fragrant, perigynous, hypanthium coriaceous, cylindrical to ellipsoid, smooth, rather abruptly widening from pedicel, (3.3-)3.6-4.2 mm long and (1.3-)1.6-2.2 mm wide at torus; calyx spreading-cup-like, shallowly 5-lobed, 1.3-1.6 mm long; outer calyx teeth vestigial to ca. 0.6 mm long including caducous apical setula, not exserted beyond inner lobes; pedicel with rather dense, hypanthium and calyx with sparse cover of brown malpighian hairs, hypanthium glabrescent in fruit, calyx sparsely pubescent also on inner side and with rim often ciliolate; hypanthium and calyx reportedly green to pale or yellowish green in living plant. Petals 5, colour in living plant reportedly (white to) white with lilac base or pink to deep-purplish pink or even blue-violet, when dry dull brownish-yellow, glabrous; obovate, 8-10 mm long; venation actinodromous and flabellate. Stamens 10, anisomorphic, bent and crowded to one side of flower, glabrous; filaments 6-9 mm, laterally dilated, strap-like, ca. 0.5 mm wide; geniculate at junction between filament and anther, anther bent introrsely (i.e., with ventral side down). Anthers subulate, dorsal-arcuate, base rounded; single apical pore ca. 0.3 mm across; connective hardly prolonged between filament and thecae, basally extended into an erect triangular spur, dorsally into a gradually ascending, apically deeply cleft appendage. Larger (epipetalous) stamens: thecae clearly arcuate, 6.2-7 mm long and 0.4-0.5 mm thick at base, apical pore dorsally inclined; basal connective appendage ca. 0.8-1 mm long, subulate and variously slightly lobulate, dorsal appendage 3.6-4 mm long, cleft by ca. 1.5-1.7 mm. Smaller (episepalous) stamens: thecae only slightly arcuate, 3.9-4.9 mm long and 0.4-0.5 mm thick at base, apical pore subterminal; basal connective appendage ca. 0.7 mm long, irregularly lobulate, dorsal appendage 3.2-3.9 mm long, cleft by ca. 1.3-1.6 mm. Ovary 5-locular, roughly cylindrical, somewhat fluted, truncate at apex, 3-4 × 1.4-1.6 mm, glabrous; style 7.2-9 mm long, somewhat sigmoid, glabrous; stigma punctate. Pedicel in fruit 5-8 mm. Fruiting hypanthium globose to ovoid, clearly constricted at torus, 5-6 × 4.5-5 mm; thin, sparsely pubescent, 10-costate, disintegrating at maturity revealing costae that are not apically connected by a circular vascular strand. Calyx persistent in fruit, horizontally spreading to broadly cup-shaped, as wide as hypanthium, ca. 2 mm long. Fruit a 5-locular loculicidal capsule completely enveloped by the hypanthium but free from it; globose, somewhat 5-angled, rounded-truncate at apex. Placenta central, sessile and hardly extended from the central column. Seeds numerous, narrowly wedge-shaped, ca. 1.5-1.7 × 0.4 mm; surface smooth to slightly rugose; embryo occupying central third, testa elongated at both ends possibly forming air-filled sacs; testa light brown, embryo somewhat to clearly darker brown (in herbarium specimen). Notes:-This species was marked as Adelobotrys tessmannii morphotype 1 in the phylogenetic analysis by Schulman & Hyvönen (2003) .
Habitat:-Primary to secondary lowland to montane rainforest, mostly in undulating terrain on lateritic clayey mineral soil often close to creeks or small streams, occasionally at edges of Mauritia flexuosa swamps and in periodically inundated terrain or on roadsides. Elevation from 100 to 1,800 m a.s.l.
Distribution:-Western Amazonia between 69°37' and 78°14' W, from 0°54' N in Putumayo, Colombia, through Ecuador and Western Brazil to 13°25' S in Cuzco, Peru (Fig. 3) . Possible hybrids with A. tessmannii have been collected in Colombia, Ecuador, and Peru.
Etymology:-The epithet stems from the large leaves of the species, which generally are the broadest in the genus.
Phenology:-Collected with flowers in September-October, December-April, and June; with fruits in September, December-April, and June.
Conservation:-Least concern (LC), i.e., not threatened. The extent of occurrence clearly exceeds the threshold value of 20,000 km 2 . The available data are too scanty to accurately estimate the true area of occupancy and, especially, population size or trends in it, but there is no plausible reason to estimate that these would approach levels warranting placement in or near threatened categories.
Paratypes:-BRAZIL. Amazonas: ca. 1.5 km west from the village of Barro Vermelho, Río Juruá, 6°27' S 68°45' W, 120-140 m, April 16 2012, Ruokolainen, K. with H. Tuomisto, T. Emilio, F. Figueiredo & G. Moulatlet 16256 A. latifolius and A. tessmannii:- Schulman, sp. nov. (Fig. 6) Type:-PERU. Loreto Diagnosis:-Adelobotrys tessmannii Markgr. affinis sed laminis fere glabris marginibus irregulariter serrulatociliolatis, partibus ultimis inflorescentiae cincinnis duplicatis ramis perelongatis, floribus minoribus, dentibus exterioribus calycis obsoletis, et hypanthiis in fructu parvis globosis differt.
Specimens interpreted as hybrids between
Adelobotrys microcarpus
Allied to Adelobotrys tessmannii Markgr. but differs by having almost glabrous laminae, lamina margins irregularly serrulate-ciliolate, ultimate branching of the inflorescence in the form of double cincinni with strongly elongated branches, smaller flowers, obsolete outer calyx teeth, and small globose fruiting hypanthia.
Full description:-Liana adhering to support by adventitious roots to ca. 5 cm long produced in comb-like rows on internodes, reported height of fertile plants (1-)3-10(-15) m. Stem slender, diameter in fertile branches to 0.5 cm, terete to somewhat fluted, when very young densely pubescent with dull-to dark-brown, appressed, short (ca. 0.4-1 mm long) malpighian hairs, soon largely glabrescent; stem surface between hairs smooth, dull straw-coloured to brown or greyish; internodes in vegetative parts of fertile stems 4-10 cm long; nodes hardly swollen, not more pubescent than the internodes (apart from densely pubescent axillary buds). Leaves opposite, isomorphic. Petiole (1.2-)2.2-4.8(-6.2) cm long (ratio of lamina length to petiole length ranges from 2.3 to 7.5 but is typically around 4.5), ca. 1 mm in diameter; terete but flattened to somewhat grooved above; sparsely to fairly densely covered with brown malpighian hairs at first, glabrescent with age especially below. Lamina narrowly ovate to elliptic, (7.5-)8.5-14.5(-16) × (4-)5-7(-8) cm (ratio of length to width 1.7-2.3), base rounded to slightly cordulate, apex acuminate (to almost acute), margin mostly serrulate, often somewhat revolute (in herbarium specimens); chartaceous; in herbarium specimens typically greyish-olive-green with darkish brown veins below, somewhat shiny medium green in living plant. Both surfaces of lamina pubescent with medium-to dark-brown malpighian hairs at first but very soon glabrescent, mature leaves glabrous above (or with a few hairs along main veins), below sparse to medium pubescence remains along main and transverse veins and scattered hairs between them, the hairs being appressed, 0.5-1 mm long, laterally flattened but not dilated (apparently 1 cell layer thick, 2 layers wide), symmetrical to somewhat asymmetrical, sessile to very short-stalked and substraight to slightly sigmoid especially on main vein (and then broadly V-rather than T-shaped); on lamina proper on abaxial side malpighian hairs interspersed with minute, elongate-club-shaped glands (ca. 0.05-0.1 mm long); epidermis of adaxial surface usually with rather dense greyish hemispherical protuberances ca. 0.07 mm across. Margin of lamina with sparse ciliolation of tangential malpighian hairs and with persistent, obliquely spreading, pale, multiseriate, terete, unbranched, 0.5-0.7 mm long setulae tipping marginal teeth 1-2 mm apart. Venation basally acrodromous with midrib plus four distal main veins, stronger pair of acrodromal veins only somewhat closer to lamina margin than to midrib (distances 1:1-1:1.8), pinnate secondary veins visible below, 0.5-0.8 cm apart; tertiary veins not visible; veins prominent below, flat to somewhat impressed above. Axils of main veins on abaxial side with a few multiseriate, terete, unbranched setulae 0.5-1 mm long, tipped by a multicellular gland, a few such setulae sometimes also present on midrib a couple of cm above the base. Inflorescence a terminal, broadly conical, lax double thyrsoid with up to hundreds of flowers; at anthesis (16-)22-25 × 12-18 cm including (4-)6-7.5 cm long peduncle; rachis with 4 elongated internodes, nodes with two main branches consisting of usually 2 or 3 elongated internodes and with two shorter branches (of 1-2 internodes) produced from accessory buds, internodes of rachis, and branches, progressively shorter towards apex; partial inflorescence a double cincinnus with branches bearing up to 12 flowers each, characteristically elongated in fruit and reminiscent of arms of an octopus when only scars of fallen fruits remain. Peduncle subtended by leaves similar to ordinary vegetative leaves; lowermost node of rachis with bracts similar to but smaller than vegetative leaves, upper nodes with progressively smaller and narrower (sub)sessile bracts, bracts at lower nodes persistent but those at upper nodes mostly absent already at anthesis; cincinni subtended by caducous sessile elliptic bracteoles 3-5 × 2-3 mm. Pedicel at anthesis 3-5 mm, slender. Flower reportedly with slight sweet fragrance, perigynous, hypanthium coriaceous, cylindrical to ellipsoid, smooth, rather abruptly widening from pedicel, 2.5-3 mm long and 1.5-2 mm wide at torus; calyx spreading-cup-like, shallowly 5-lobed, ca. 1.6 mm long; outer calyx teeth absent to visible as vestigial knobs (to ca. 0.4 mm long), asetose; pedicel with dense, hypanthium and calyx with sparse cover of brown malpighian hairs, hypanthium glabrescent in fruit, calyx sparsely pubescent also on inner side but with rim mostly aciliate; hypanthium reportedly green in living plant but calyx light orange-brown to even purple or blue. Petals 5, colour in living plant reportedly (whitish to) pink or purple to lilac or even blue, when dry dull yellow, glabrous; obovate, 5.9-7.1 mm long; venation actinodromous and flabellate. Stamens 10, anisomorphic, bent and crowded to one side of flower, glabrous; filaments ca. 4 mm, laterally dilated, strap-like, ca. 0.3 mm wide; geniculate at junction between filament and anther, anther bent introrsely (i.e., with ventral side down). Anthers reportedly yellow, subulate, dorsal-arcuate, base rounded; single apical pore ca. 0.2 mm across; connective hardly prolonged between filament and thecae, basally extended into an erect triangular spur, dorsally into a gradually ascending, apically deeply cleft appendage, which is reportedly rosy pink. Larger (epipetalous) stamens: thecae clearly arcuate (sometimes even J-shaped), 4.9-5.5 mm long and 0.4 mm thick at base, apical pore dorsally inclined; basal connective appendage Soil preferences:-Of the species treated here, A. latifolius was the most frequently observed, with 54 occurrences in a total of 396 inventory transects in the four geographical areas (Fig. 1) . The frequency of A. microcarpus was less than one third of that (14 transects), and the least frequent was A. tessmannii (6 transects). Although all three species are broadly sympatric in the sense that their general distribution areas overlap, they tend not to share the same habitats on a local scale. Adelobotrys microcarpus was never observed to co-occur with the two other species, and A. latifolius and A. tessmannii co-occurred in only one transect.
Adelobotrys latifolius was typically found in forests on soils with relatively high cation concentration, whereas A. microcarpus tended to occupy forests on poorer soil (Fig. 7) . This pattern was found both in regions where the two species co-occurred (Loreto and Juruá) and in the regions where only one of the two species was found (Madre de Dios and Yasuní). The probability to obtain in Loreto and Juruá by chance an equally or more strongly different average soil cation value for two species with the frequencies observed for A. latifolius and A. microcarpus were 0.022 and 0.314, respectively. The random probability that these minimum differences coincide and show the same direction (the same species is occupying poorer soils in both regions) is (0.022 × 0.314)/2 ≈ 0.003. Accordingly, we can refute the null hypothesis that the species would have no difference in their preference for soil cation concentration. This conclusion is reinforced by the observed occurrence patterns from regions where the two species were found alone. No statistically significant difference in preferred soil cation concentration was found between A. tessmannii and A. latifolius (p = 0.304), or A. tessmannii and A. microcarpus (p = 0.318). Most of the inventory transects were established in unflooded (terra firme) forests, but 35 of them (12 in Madre de Dios, 10 in Loreto and 13 in Yasuní) were established in floodplain forests that were either well-drained or swampy and dominated by the palm Mauritia flexuosa. Adelobotrys microcarpus and A. tessmannii were exclusively found in terra firme, while A. latifolius was found in seven floodplain transects in Yasuní, even though in Loreto also this species was encountered only in terra firme transects.
We have not tried to analyze possible preferences of the species in relation to topographic variation within the inventory transects. However, A. latifolius was clearly found more often along small creeks compared to the other two species.
Discussion
Taxonomy and identification:-Due to the lack of a comprehensive modern treatment of Adelobotrys, and rather superficial original descriptions of most of the species, considerable confusion exists as to the identity of many species in the genus. This is particularly true for the A. tessmannii-A. adscendens complex sensu Schulman & Hyvönen (2003) . The ca. 15 species in this group have deeply cleft dorsal connective appendages. This character is commonly used as diagnostic for species of Adelobotrys; the appendages of other species may be cleft, notched or entire. However, structures and shapes of the inflorescence, the calyx, the hypanthium in fruit, and, albeit to a more subtle extent, the indument and the shape of the laminae, do vary and provide good diagnostic characters for species in the A. tessmannii-A. adscendens complex.
The three species treated here, as well as A. ciliatus (Naud.) Triana (1871: 68) , all possess unbranched setulae along lamina margins. These are never present in A. adscendens, in which any ciliolation of the lamina is solely of malpighian hairs. Additionally, the relative size of the calyx and the hypanthium in fruit is a consistent diagnostic feature. In A. adscendens the calyx is small and clearly narrower than the mature fruiting hypanthium. In A. ciliatus the calyx is wider than the hypanthium, and in the three species described in this paper the calyx is as wide as the hypanthium. These three, again, differ from A. ciliatus by their much larger and laxer inflorescences.
The best distinguishing features between A. tessmannii, A. latifolius, and A. microcarpus are listed in Table 1 . Typical length of outer calyx teeth 1.5-2.5 mm 0-0.6 mm 0-0.4 mm Length of petal 6.5-8 mm 8-10 mm 6-7 mm
Fruiting hypanthium shape and size ellipsoid to ovoid, 5-6.5 × 4.5-5 mm globose to ovoid, 5-6 × 4.5-5 mm globose, 2.5-4.5 × 3-4.5 mm Ecology and diversity:-In addition to different soil fertility preferences, another diverging ecological factor between A. latifolius and A. microcarpus appears to be the preference of the former to grow in moist microhabitats. We believe that the seemingly discrepant behaviour of A. latifolius of occuring in over half of the floodplain transects in Yasuní, but not in a single such transect in Loreto, can be explained by a difference in the flood cycle between the floodplain forests along the rivers Tiputini and Dícaro of Yasuní and the big Amazon river in Loreto. Tiputini and Dícaro are relatively small rivers that have their catchment area entirely within the almost aseasonal equatorial Amazonian lowlands. Therefore the floodplains of these rivers probably experience only occasional and short inundations, quite apart from the floods of the Amazon and its tributaries of Andean origin that are seasonally predictable and can last for several weeks. The longer-lasting, more severe floods may be too much even for A. latifolius, even though it thrives when the inundation pattern is more moderate. Unfortunately we do not have enough field data on A. tessmannii to be able to obtain a clear picture of its autecology, and notes on labels of herbarium specimens are not detailed enough to allow comparison with our field studies.
According to the phylogenetic analysis by Schulman & Hyvönen (2003) , Adelobotrys latifolius (as A. tessmannii morphotype 1) and A. microcarpus (A. tessmannii mt2) are sister species, and A. tessmannii is sister to this species pair (hereafter the tessmannii clade). The sister secies of the tessmannii clade is A. fuscescens Triana (1871: 68) , which occurs in Colombia on the western side of the Andes. The three species of the tessmannii clade are morphologically quite similar, whereas A. fuscescens deviates from them in many aspects. This phylogenetic hypothesis together with the distribution patterns and habitat preferences presented here suggest a possible diversification history where (1) the dispersal barrier formed by the Andes could be associated with the split between A. fuscescens and the tessmannii clade, and (2) ecological specialisation could have driven further speciation on the eastern side of the Andes (cf. Schulman 2003b), or at least enabled the continued existence of closely related species in sympatry. However, more robust phylogenetic hypotheses and a better understanding on the geographical distributions and ecology would be necessary to test these hypotheses.
